Recently, various enamel surface pretreatment preparative techniques have been developed for increasing the effectiveness, retention, and success of pit and fissure sealants. The main accepted and standard procedure for this is the conventional acid etching method. However, a few clinical and practical disadvantages have been observed for this technique. For example, remaining pellicle and debris might not be totally removed from the base of fissures; demineralized enamel surface following acid etching creates a low-resistant enamel prone to acid attacks, and the application required for good tooth isolation is time-consuming (11) (12) (13) .
Over the last decades, laser etching especially has been developed as a suggested alternative technique for enamel surface pretreatment in response to the disadvantages of the conventional acid etching method (14) (15) (16) . According to the American Academy of Pediatric Dentistry's report in 2013, the advantages of laser therapy for pediatric patients were listed as follows: 1. No need for local anesthesia; 2. No pain; 3. Less noise and vibration; and 4. More comfortable. Also, laser etching has an important advantage in that it creates an etching on the acid-resistant prismless superficial layer of the primary enamel for pretreatment prior to fissure sealant application (2, 17) .
The main objectives of the current research were to compare the conventional etching and alternative laser etching techniques and to evaluate the microleakage and SEM analysis of pit and fissure sealants.
MATERIAL and METHODS
In the present study, 120 healthy impacted third molars that had been extracted for different reasons were collected. All extracted teeth were stored in 0.1% thymol solution at 25°C for up to 3 months. In the present study, we used a total of 120 human impacted third molars.
The current clinical experimental study was approved by Ankara University Institutional Review Board (No:128/5), and consent forms were taken from patients for extracted teeth used in this study.
Determination of Experimental Groups
The extracted teeth were selected randomly, and 120 extracted teeth were divided into four experimental groups (n=30).
Group 1: Bur invasion and Conventional acid etching
In this group, enamel surfaces of teeth were roughened with a diamond bur kept within enamel. Later, teeth were dried and treated with 37% phosphoric acid (ScotchbondTM, 3M ESPE, USA) for 30 s. Following this, acid was rinsed with an air-water spray for an additional 15 s, and the tooth surface was dried for another 15 s. Lastly, fissure sealant (ClinproTM Sealant, 3M ESPE, USA) was applied via a probe to microporosities on the enamel surface and was polymerized for 20 s.
Group 2: Bur invasion and Laser etching
The enamel surfaces of the teeth in Group 2 were roughened with the same bur invasion as Group 1. Following the bur invasion, enamel surfaces were irradiated with an Er,Cr:YSSG laser (Waterlase MD, BIOLASE Technology, USA). Laser parameters were set at a 2780 wavelength with a 140-μs pulse duration and a pulse repetition rate of 20 Hz. The power output was determined to be 1.75 watts. According to the manufacturer's instructions, the air and water sprays were adjusted to 90% and 80%, respectively. We used an MZ6 fiber tip with a 600-μm diameter and applied the laser radiation at 2 mm from the enamel surfaces for 20 s. Then, the enamel surfaces were dried for 15 s, and fissure sealants were applied with the same technique as in Group 1.
Group 3:
Laser etching Fissure surfaces of selected teeth were roughened with an Er,Cr:YSSG laser. Laser parameters were set at a 2780 wavelength with a 140-μs pulse duration and a pulse repetition rate of 20 Hz. The power output was determined to be 2 watts. According to the manufacturer's instructions, the air and water sprays were adjusted to 90% and 80%, respectively. We used an MZ6 fiber tip with a 600-μm diameter and applied the laser radiation at 2 mm from the fissure surfaces for 20 s. Later, the roughness of the enamel surfaces was done using the same laser parameters as in Group 2. Afterward, teeth surfaces were dried for 15 s and fissure sealants were applied and polymerized with an LED light (Elipar TM Freelight 2, 3M) for 15 s.
Group 4: Laser etching and Conventional acid etching
Fissure surfaces of teeth were roughened with the same laser parameters as in Group 3. After fissure surfaces were roughened with Er,Cr:YSSG laser, teeth surfaces were dried for 15 s and fissure sealants were applied and polymerized with an LED light (Elipar TM Freelight 2, 3M) for 15 s.
All samples have waited in distilled water at 37°C for 24 h. Then, a thermal cycle (Nüve BM, 302 hot water device and Nüve BS 302 cold water device, Nüve Ankara, Turkey) was applied to all samples to imitate an oral environment. The thermal cycle was repeated 1000 times between 5°C and 55°C with a 10-s transfer time and a dwell time of 30 s.
After the thermal cycle procedure, each experimental group was randomly divided into two groups (n=15) for microleakage tests and SEM analysis. These groups are summarized in Table 1 .
Microleakage Assessment
Microleakage was assessed according to Pardi et al. 's (18) microleakage criteria via the dye penetration test. The teeth surfaces were isolated with double-layer nail varnish, leaving a 1 mm window around the sealant, and the roots were embedded in an acrylic resin block (Orthocryl EQ, Dentautum, Germany). Following this procedure, the teeth were set in 0.5% basic fuchsin solution for 24h at 37 °C. Later, the teeth were rinsed and cleaned under tap water for 5 min, and all teeth were sectioned in the buccolingual/palatal position with a sensitive slice device (Micracut Precision Cutter, Metkon Instruments Ltd, Bursa, Turkey). Lastly, each of the tooth sample slices was evaluated under a stereomicroscope (Leica MZ 12, Meyer Instruments, Houston, TX, USA) at 25× magnification. The microleakage criteria of Pardi et al. (18) are given in Table 2 .
SEM Analysis
For SEM analysis, seven teeth were randomly selected from each experimental group. Crown parts of selected teeth were separated from roots and sectioned in the buccolingual posi-tion. Samples were fixed with TRUMP solution, which includes 37% formaldehyde, 25% glutaraldehyde, NaH 2 PO 4 , NaOH, and distilled water, for 24h at 37°C. After fixation of samples, they were coated with gold-palladium. Sealed samples were examined using SEM (JSM, 6400, Tokyo, JAPAN) with energy-dispersive X-ray analysis at 250X and 1000X magnifications. Images were evaluated according to Kane Since there was a non-normal distribution, the microleakage data score was determined using the Kruskal-Wallis test for multiple comparisons. p<0.05 values were accepted as statistically significant.
RESULTS
The microleakage scores of all experimental groups are given in Table 3 . No statistically significant difference in microleakage scores was determined among the experimental groups (p>0.05).
Representative SEM images of sealed and sectioned teeth from the experimental groups are shown in Figure 1 . The fissure sealant adaptation was detected to be higher in Group 1 compared with Group 2 and Group 3, and this difference was found to be statistically significant (p<0.05). The same trend was observed in Group 4, Group 3, and Group 2, with Group 4 having the higher fissure sealant adaptation (p<0.05). Conversely, between Groups 1 and 4, there was no statistical difference in fissure sealant adaptation (p>0.05).
DISCUSSION
Traditional treatment procedures, materials, and devices in dentistry have undergone changes along with scientific and technological developments. Over the last 20 years, minimally invasive approaches have been popularized with developments in dental materials (20, 21) . Currently, more effective preventive dental procedures, rather than operative dental treatments, have become dentists' primary aim (22) . Hence, from the pediatric dentistry perspective, a preventive treatment's success depends on the ideal environment for the cooperation of children (23) .
As an answer to these requirements, laser technology and dental lasers have been developed and have rapidly replaced dental treatment procedures (22, 24) .
In the present in vitro comparative study, the microleakage and enamel surface effects of the laser etching and conventional acid etching techniques (with/without bur invasion) prior to fissure sealant application were evaluated.
When the microleakage results of our study were evaluated, microleakage rates of all experimental groups were low. According to Pardi et al's (18) criteria, no "score 2" or "score 3" was found in any groups. Group 1 (bur invasion + acid etching) and Group 2 (bur invasion+Er,Cr:YSGG etching) showed similar microleakage rates, while no microleakage was observed in Group 4 (Er,Cr:YSSG etching+acid etching) and (Er,Cr:YSGG etching) only one sample showed microleakage in Group 3. When these differences were compared, they were not found to be statistically significant. In light of these first microleakage evaluation test results, Er,Cr:YSSG only or combined with the conventional acid etching method was evaluated as an alternative therapy compared to the conventional acid etching method only.
Although the microleakage test results found laser etching to be an effective and accomplished method, according to the SEM results, a half fissure sealant adaptations to pits and fissures were detected in all samples that only used laser etching in the present study. This difference between the microleakage test and the SEM analysis showed that only the microleakage test can provide wrong results regarding laser etching and conventional acid etching comparison.
Hatırlı et al. 's (25) latest report in 2018 regarding the effect of non-invasive and enameloplasty pretreatment of enamel surfaces and different materials on microleakage were compared, and the difference between tested materials was found to be significant in spite of the difference in preparation techniques not being significant.
Studies conducted in 2013 and 2016 used similar methods and reported parallel results with our study's microleakage data (16, 26) . Accordingly, an Er,Cr:YSSG laser etching pretreatment method was accepted as an alternative to the conventional acid etching method with its retention and patient acceptability features. In addition, no statistical difference was found be- (2) report found that laser irradiation alone or combined with acid etching showed higher microleakage rates (27) . In our study, these results were supported particularly by SEM analysis and found that laser etching alone was not adequate for fissure sealant adaptation. However, the laser and acid etching combination (group 4) showed the same effect as the bur invasion and acid etching combination (group 1).
In our study, both Group 1 and Group 4 were not found to be statistically different when comparing the microleakage test and SEM analysis. This statistical similarity can be explained using Sungurtekin and Oztas's study (15) . The Er,Cr:YSSG laser mechanism has a pulse feature, and this may create unaffected irregularly formed enamel surfaces between pulses. Following the laser irradiation, conventional acid etching may tolerate these unaffected surfaces and lead to uniformly etched surfaces similar to those resulting from acid etching.
In vivo experiments need to be tested for a better understanding of the laser etching mechanism on pits and fissures. Also, long-term effects of laser etching and its combinations should be followed.
As a result, Er,Cr:YSSG laser etching alone is not an alternative therapy to conventional acid etching. But the Er,Cr:YSSG laser and acid etching combination can be a good choice and is comparable to bur invasion from the standpoint of the high pit and fissure adaptation, with no microleakage and with pediatric patient acceptability. 
